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Objective and Scope of This StudyObjective and Scope of This Study

¾¾ To conduct a comprehensive review of the useTo conduct a comprehensive review of the use 
of commercial oil spill bioremediation (bio)of commercial oil spill bioremediation (bio) 
products in all environments.products in all environments.
zz Literature assessed includes peerLiterature assessed includes peer--reviewed articles,reviewed articles, 

company reports, government reports, and reports bycompany reports, government reports, and reports by 
cleanup contractorscleanup contractors 

zz Many reports on the use of bio products are nonMany reports on the use of bio products are non--peerpeer 
reviewed orreviewed or ““graygray”” literature.literature. 

zz Note: all the reports collected were evaluatedNote: all the reports collected were evaluated 
comprehensively for their scientific merit, and onlycomprehensively for their scientific merit, and only 
those judged appropriate and scientifically sound arethose judged appropriate and scientifically sound are 
earmarked for inclusion in this document.earmarked for inclusion in this document. 



Objective and Scope of This Study
Objective and Scope of This Study

¾¾ Review is useful for oil spill respondersReview is useful for oil spill responders 
(e.g., on(e.g., on--scene coordinators and responsescene coordinators and response 
contractors) to better understand thecontractors) to better understand the 
feasibility of bio technology and as an aidfeasibility of bio technology and as an aid 
in selecting bioremediation products.in selecting bioremediation products. 



Introduction and Background
Introduction and Background

¾¾ Bioremediation:Bioremediation: ““the act of adding materials tothe act of adding materials to 
contaminated environments to cause ancontaminated environments to cause an 
acceleration of the natural biodegradationacceleration of the natural biodegradation 
processesprocesses””

¾¾ U.S. EPA has defined bioremediation agents asU.S. EPA has defined bioremediation agents as 
““microbiological cultures, enzyme additives, ormicrobiological cultures, enzyme additives, or 
nutrient additives that significantly increase thenutrient additives that significantly increase the 
rate of biodegradation to mitigate the effects ofrate of biodegradation to mitigate the effects of 
the [oil] dischargethe [oil] discharge””



Introduction and BackgroundIntroduction and Background
¾¾ Bioremediation has emerged as a promisingBioremediation has emerged as a promising 

technology as secondary treatment option for oiltechnology as secondary treatment option for oil 
cleanupcleanup
zz technology is based on the premise that a largetechnology is based on the premise that a large 

percentage of oil components are readilypercentage of oil components are readily 
biodegradable in naturebiodegradable in nature 

¾¾ Bioremediation has several potentialBioremediation has several potential 
advantages:advantages:
zz less costlyless costly
zz less intrusive to the contaminated siteless intrusive to the contaminated site
zz more environmentally benign end products.more environmentally benign end products. 



Success of Oil Spill BioremediationSuccess of Oil Spill Bioremediation

¾¾ Depends on oneDepends on one’’s ability to establish ands ability to establish and 
maintain conditions that favor enhanced oilmaintain conditions that favor enhanced oil 
biodegradation rates in the contaminatedbiodegradation rates in the contaminated 
environment with:environment with:
zz Bioaugmentation,Bioaugmentation, in which known oilin which known oil--degradingdegrading 

bacteria are added to supplement the existingbacteria are added to supplement the existing 
microbial populationmicrobial population

zz BiostimulationBiostimulation, in which the growth of indigenous oil, in which the growth of indigenous oil 
degraders is stimulated by the addition of nutrients ordegraders is stimulated by the addition of nutrients or 
other growthother growth--limiting colimiting co--substrates.substrates.



Assessment of Bioremediation ProductsAssessment of Bioremediation Products 
in the Field: Peerin the Field: Peer--Reviewed LiteratureReviewed Literature

¾¾ Field studies can provide the mostField studies can provide the most 
convincing demonstration of theconvincing demonstration of the 
effectiveness of oil bioremediation sinceeffectiveness of oil bioremediation since 
laboratory studies are not always able tolaboratory studies are not always able to 
account for numerous real worldaccount for numerous real world 
conditionsconditions



PeerPeer--Reviewed LiteratureReviewed Literature

¾¾ SwannellSwannell et al.et al. (1996) conducted the most(1996) conducted the most 
extensive literature review available onextensive literature review available on 
field evaluations of oil bioremediation infield evaluations of oil bioremediation in 
marine environments.marine environments. 

¾¾ VenosaVenosa (1998) presented an in(1998) presented an in--depthdepth 
critical review of research studiescritical review of research studies 
emphasizing extensive inadequacies inemphasizing extensive inadequacies in 
the experimental design and control ofthe experimental design and control of 
published field tests.published field tests. 



PeerPeer--Reviewed LiteratureReviewed Literature

¾¾ However, none of the existing reviewsHowever, none of the existing reviews 
focused on the field performance offocused on the field performance of 
commercial bio agents.commercial bio agents. 

¾¾ They did not distinguish bioremediationThey did not distinguish bioremediation 
due to addition of commercial productsdue to addition of commercial products 
from bioremediation due to application offrom bioremediation due to application of 
common agricultural fertilizers/nutrientcommon agricultural fertilizers/nutrient 
solutions or nonsolutions or non--commercial microbialcommercial microbial 
strains.strains.



PeerPeer--Reviewed LiteratureReviewed Literature
¾¾ Few tests have been carried out to evaluate theFew tests have been carried out to evaluate the 

effectiveness of bioremediation products in the fieldeffectiveness of bioremediation products in the field
zz difficult and expensive to conduct.difficult and expensive to conduct. 

¾¾ Oil contaminated sites are often highly heterogeneousOil contaminated sites are often highly heterogeneous
¾¾ Physical and chemical weathering may significantlyPhysical and chemical weathering may significantly 

affect the composition and concentration of oilaffect the composition and concentration of oil 
contamination.contamination. 

¾¾ Variability can be so high it can interfere with oneVariability can be so high it can interfere with one’’ss 
ability to discern significant treatment differences.ability to discern significant treatment differences. 

¾¾ The efficacy of bioremediation in the field can be verifiedThe efficacy of bioremediation in the field can be verified 
through wellthrough well--designed monitoring programs and properdesigned monitoring programs and proper 
data interpretation.data interpretation.



PeerPeer--Reviewed LiteratureReviewed Literature

¾¾ Evidence for the effectiveness of oilEvidence for the effectiveness of oil 
bioremediation should include:bioremediation should include: 
zz faster disappearance of oil in treated areas than infaster disappearance of oil in treated areas than in 

untreated areasuntreated areas
zz a demonstration that biodegradation was the maina demonstration that biodegradation was the main 

reason for the increased rate of oil disappearancereason for the increased rate of oil disappearance

zz nonnon--biodegradable or slowly biodegradablebiodegradable or slowly biodegradable 
components in oilcomponents in oil -- biomarkersbiomarkers -- have been usedhave been used 
successfully to distinguish between biodegradationsuccessfully to distinguish between biodegradation 
and the physical or chemical loss of oiland the physical or chemical loss of oil 



Application of BioaugmentationApplication of Bioaugmentation 
ProductsProducts

¾¾ Rationale for this approachRationale for this approach
¾¾ Indigenous microbial populations may notIndigenous microbial populations may not 

be capable of degrading the wide range ofbe capable of degrading the wide range of 
potential substrates present in complexpotential substrates present in complex 
mixtures such as petroleummixtures such as petroleum 

¾¾ They may be in a stressed state as aThey may be in a stressed state as a 
result of the recent exposure to the spill.result of the recent exposure to the spill. 



Application of BioaugmentationApplication of Bioaugmentation 
ProductsProducts

¾¾ VenosaVenosa et alet al. (1992) conducted a field test in. (1992) conducted a field test in
Prince William Sound following thePrince William Sound following the ExxonExxon 
Valdez (EVOS)Valdez (EVOS) spill to investigate thespill to investigate the
effectiveness of two commercial microbialeffectiveness of two commercial microbial 
products visproducts vis--àà--vis natural attenuation andvis natural attenuation and 
nutrient addition alone.nutrient addition alone. 

¾¾ Trial failed to demonstrate enhanced oilTrial failed to demonstrate enhanced oil 
biodegradation by these products.biodegradation by these products. 
zz No biostimulation occurred in the nutrient controlNo biostimulation occurred in the nutrient control 

plots. No significant differences between any of theplots. No significant differences between any of the
treatment and control plots during the 27treatment and control plots during the 27--day trialday trial
period.period. 



Field trials that claimed success in demonstratingField trials that claimed success in demonstrating 
the effectiveness of oil bioaugmentationthe effectiveness of oil bioaugmentation

¾¾ AlphaAlpha BioSeaTMBioSeaTM (Alpha Environmental, Inc.) to treat the(Alpha Environmental, Inc.) to treat the
AngolanAngolan PalancaPalanca crude oil spilled fromcrude oil spilled from Mega BorgMega Borg offoff 
Texas coast (Mauro and Wynne, 1990;Texas coast (Mauro and Wynne, 1990; SwannellSwannell et alet al.,., 
1996)1996) 

¾¾ TerraZymeTMTerraZymeTM (Oppenheimer Biotechnology) in(Oppenheimer Biotechnology) in
enhancing biodegradation of a heavy oil spilled fromenhancing biodegradation of a heavy oil spilled from
NakhodkaNakhodka in Japan (in Japan (TsutsumiTsutsumi et alet al., 2000).., 2000). 

¾¾ However, the success of these studies was based onHowever, the success of these studies was based on 
either visual observation (i.e. theeither visual observation (i.e. the Mega BorgMega Borg study) orstudy) or
digital photographic image analysis (i.e., thedigital photographic image analysis (i.e., the NakhodkaNakhodka
study).study). 

¾¾ No comprehensive monitoring program was used toNo comprehensive monitoring program was used to
verify the oil was indeed removed through enhancedverify the oil was indeed removed through enhanced
biodegradation.biodegradation. 



Application of BiostimulationApplication of Biostimulation 
ProductsProducts

¾¾Most shoreline ecosystems heavilyMost shoreline ecosystems heavily 
contaminated with hydrocarbonscontaminated with hydrocarbons
zz Nutrients are likely the limiting factors in oilNutrients are likely the limiting factors in oil 

biodegradation.biodegradation. 
zz One exception is wetlandsOne exception is wetlands 

•• If oil has penetrated wetland or marsh sediment toIf oil has penetrated wetland or marsh sediment to 
any appreciable extent, the impact zone is anoxicany appreciable extent, the impact zone is anoxic 
or anaerobicor anaerobic

•• Oxygen limitation will be the predominantOxygen limitation will be the predominant 
mechanism precluding effective treatment.mechanism precluding effective treatment. 



Application of BiostimulationApplication of Biostimulation 
ProductsProducts

¾¾ Commonly used waterCommonly used water--soluble nutrientsoluble nutrient 
products include mineral nutrient saltsproducts include mineral nutrient salts 
(e.g. KNO3, NaNO3, NH4NO3, K2HPO4,(e.g. KNO3, NaNO3, NH4NO3, K2HPO4, 
MgNH4PO4)MgNH4PO4)

¾¾ This approach has been effective inThis approach has been effective in 
enhancing oil biodegradation in many fieldenhancing oil biodegradation in many field 
trials (trials (SwannellSwannell et alet al., 1996;., 1996; VenosaVenosa et alet al.,., 
1996)1996)



Application of BiostimulationApplication of Biostimulation 
ProductsProducts

¾¾ 1999 and 20001999 and 2000 -- field study was conducted onfield study was conducted on 
the shoreline of the St. Lawrence River (Garciathe shoreline of the St. Lawrence River (Garcia--
BlancoBlanco et al.et al., 2001;, 2001; VenosaVenosa et al.et al., 2002), 2002)

¾¾ The authors concluded that nutrient amendmentThe authors concluded that nutrient amendment 
of an oilof an oil--contaminated freshwater wetlandcontaminated freshwater wetland wherewhere 
significant penetration of oil has taken place intosignificant penetration of oil has taken place into 
the sedimentthe sediment has limited potential for enhancedhas limited potential for enhanced 
cleanupcleanup 



Application of BiostimulationApplication of Biostimulation 
ProductsProducts

¾¾ All these results suggest that the successAll these results suggest that the success 
of biostimulation is case specific:of biostimulation is case specific:
zz oil propertiesoil properties
zz the nature of the nutrient productsthe nature of the nutrient products
zz the characteristics of the contaminatedthe characteristics of the contaminated 

environmentsenvironments
zz when oxygen is not a limiting factorwhen oxygen is not a limiting factor
zz keys for the success of oil biostimulation is tokeys for the success of oil biostimulation is to 

maintain an optimal nutrient level in themaintain an optimal nutrient level in the 
interstitial pore waterinterstitial pore water



Application of BiostimulationApplication of Biostimulation 
ProductsProducts

¾¾ Use of slow release fertilizers is one of theUse of slow release fertilizers is one of the 
approaches used to overcome washoutapproaches used to overcome washout 
problems and provide continuous sourcesproblems and provide continuous sources 
of nutrients to contaminated areasof nutrients to contaminated areas

¾¾ There are also readily available nutrientThere are also readily available nutrient 
products normally in solid forms thatproducts normally in solid forms that 
consist of either:consist of either: 
zz relatively insoluble nutrients or waterrelatively insoluble nutrients or water--solublesoluble 

nutrients coated with hydrophobic materialsnutrients coated with hydrophobic materials 
such as paraffin or vegetable oilssuch as paraffin or vegetable oils 



Application of BiostimulationApplication of Biostimulation 
ProductsProducts

¾¾ EVOS:EVOS: CustomblenCustomblen (Sierra Chemical Co.), a(Sierra Chemical Co.), a 
slowslow--release granular fertilizer chosen to applyrelease granular fertilizer chosen to apply 
over 120 km of the oilover 120 km of the oil--contaminated shorelinescontaminated shorelines 
during 1989 and 1990during 1989 and 1990 

¾¾ This fertilizer consists of vegetable oil coatedThis fertilizer consists of vegetable oil coated 
calcium phosphate, ammonium phosphate, andcalcium phosphate, ammonium phosphate, and 
ammonium nitrate (N:P:K ratio 28ammonium nitrate (N:P:K ratio 28--88--0)0)

¾¾ Results, product performed well on some of theResults, product performed well on some of the 
shorelines of Prince William Soundshorelines of Prince William Sound



Application of BiostimulationApplication of Biostimulation 
ProductsProducts

¾¾ InipolInipol EAP22 (EAP22 (SocieteSociete, CECA S.A., France) is, CECA S.A., France) is 
currently listed on the NCP Product Schedule ascurrently listed on the NCP Product Schedule as 
a nutrient additive.a nutrient additive. 

¾¾ EVOS: chosen as one of the nutrient products toEVOS: chosen as one of the nutrient products to 
use in the cleanupuse in the cleanup

¾¾ SveumSveum et al.et al. (1994)(1994) indicated that thisindicated that this oleophilicoleophilic
fertilizer appeared to be more effective thanfertilizer appeared to be more effective than 
waterwater--soluble fertilizers when the spilled oilsoluble fertilizers when the spilled oil 
resided in theresided in the intertidalintertidal zone.zone. 
zz But advantages in enhancing oil biodegradation in theBut advantages in enhancing oil biodegradation in the 

supratidalsupratidal zone where water transport is limited.zone where water transport is limited. 



Application of BiostimulationApplication of Biostimulation 
Products ConclusionProducts Conclusion

¾¾ PeerPeer--reviewed literature on the use ofreviewed literature on the use of 
¾¾ bioremediation products has clearlybioremediation products has clearly 
¾¾ indicated that biostimulation, if usedindicated that biostimulation, if used 
¾¾ properly, could be a costproperly, could be a cost--effectiveeffective 
¾¾ treatment tool for cleaning certain oiltreatment tool for cleaning certain oil ­-
¾¾ contaminated environments.contaminated environments. 



Assessment of Oil Bioremediation Products:Assessment of Oil Bioremediation Products: 
NonNon--Peer Reviewed LiteraturePeer Reviewed Literature

¾¾ A thorough search of nonA thorough search of non--peerpeer--reviewedreviewed 
andand ‘‘graygray’’ literature for response to oilliterature for response to oil 
spills in inland, estuarine, and marinespills in inland, estuarine, and marine 
environmentsenvironments 

¾¾ A comprehensive review of thisA comprehensive review of this 
information is presented in the full versioninformation is presented in the full version 
of this paper.of this paper.



Government Agency ReportsGovernment Agency Reports

¾¾ Several field studies or applications on theSeveral field studies or applications on the 
¾¾ use of commercial bioaugmentationuse of commercial bioaugmentation 
¾¾ agents have been published inagents have been published in 
¾¾ government agency reports with mixedgovernment agency reports with mixed 
¾¾ resultsresults 

zz MearnsMearns (1991), bioaugmentation field test of(1991), bioaugmentation field test of 
an oiled marsh in an estuary environment ofan oiled marsh in an estuary environment of 
upper Galveston Bay, Texasupper Galveston Bay, Texas



Government Agency ReportsGovernment Agency Reports

¾¾ August 1990, collision between three ApexAugust 1990, collision between three Apex 
Barges and the Greek tankerBarges and the Greek tanker ShinoussaShinoussa.. 

¾¾ Four plots were used in selected areas ofFour plots were used in selected areas of 
Marrow Marsh:Marrow Marsh: 
zz 2 treated with a commercial bioaugmentation2 treated with a commercial bioaugmentation 

product (Alphaproduct (Alpha BioSeaTMBioSeaTM, Alpha, Alpha EnvEnv. Inc.). Inc.)

zz two left untreated as controlstwo left untreated as controls



Government Agency ReportsGovernment Agency Reports
¾¾ Oil constituents were determined using GC/MSOil constituents were determined using GC/MS 

and the extent of biodegradation was measuredand the extent of biodegradation was measured 
by the decline in the nby the decline in the n--C18/phytane ratio in thisC18/phytane ratio in this 
study.study. 

¾¾ MearnsMearns later summarized lessons learned fromlater summarized lessons learned from 
this experiment:this experiment:
zz bioremediation is not a rapid response toolbioremediation is not a rapid response tool
zz experimental design should meet basic statisticalexperimental design should meet basic statistical 

requirementsrequirements
zz more comprehensive monitoring is needed tomore comprehensive monitoring is needed to 

demonstrate the efficacy of treatmentdemonstrate the efficacy of treatment



Government Agency ReportsGovernment Agency Reports

¾¾ Alaska Department of EnvironmentalAlaska Department of Environmental 
Conservation,Conservation, AtheyAthey et al. (2001)et al. (2001)
zz Published a manual on treating oil spills inPublished a manual on treating oil spills in 

tundra environments which compiled dozenstundra environments which compiled dozens 
of case studiesof case studies

zz Five involved the use of bioremedialFive involved the use of bioremedial 
approaches, mostly biostimulation withapproaches, mostly biostimulation with 
agricultural fertilizersagricultural fertilizers



Government Agency ReportsGovernment Agency Reports
ConclusionConclusion

¾¾ Several articles that cover bioremediationSeveral articles that cover bioremediation 
experience following the EVOS (Braggexperience following the EVOS (Bragg et alet al.,., 
1992; Pritchard1992; Pritchard et alet al., 1991;., 1991; VenosaVenosa et alet al., 1990)., 1990) 
zz Field studies on the use of nutrient products haveField studies on the use of nutrient products have 

produced mixed results.produced mixed results. 

¾¾ For a detailed description of proper protocol forFor a detailed description of proper protocol for 
oil bioremediation field studies and evaluation,oil bioremediation field studies and evaluation, 
refer to EPArefer to EPA’’ss Guidelines for the BioremediationGuidelines for the Bioremediation 
of Marine Shorelines and Freshwater Wetlandsof Marine Shorelines and Freshwater Wetlands
(Zhu(Zhu et alet al., 2001)., 2001)



        
Information Collection from ProductInformation Collection from Product 

Companies 2002Companies 2002

¾¾ 70 vendors of bio agents listed on the NCP70 vendors of bio agents listed on the NCP 
Schedule or onSchedule or on 20th International Oil Spill20th International Oil Spill 
Control DirectoryControl Directory (Oil Spill Intelligence Report)(Oil Spill Intelligence Report) 
were contacted in regard to their interest inwere contacted in regard to their interest in 
participating in EPAparticipating in EPA’’s case study reviews case study review

¾¾ A total of eight vendors were willing toA total of eight vendors were willing to 
participate and submitted at least some theparticipate and submitted at least some the 
information requestedinformation requested



Information Collection from ProductInformation Collection from Product 
Companies 2002Companies 2002

¾¾ The amount and quality of the informationThe amount and quality of the information 
submitted by vendors was highly variablesubmitted by vendors was highly variable 

¾¾ Case study information mostly rangedCase study information mostly ranged 
from a few sentences to two pagesfrom a few sentences to two pages
zz a few detailed technical reports of up to 50a few detailed technical reports of up to 50 

pagespages 
¾¾ Impossible to give a comprehensiveImpossible to give a comprehensive 

review of each case based on this limitedreview of each case based on this limited 
informationinformation 



Summary of Vendor ReportsSummary of Vendor Reports

¾¾ Bio products have been applied to clean up oilBio products have been applied to clean up oil 
contamination in various ecosystems and undercontamination in various ecosystems and under 
a wide range of environmental conditionsa wide range of environmental conditions 

¾¾ Applications include:Applications include: 
zz inin--situsitu remediation of hydrocarbon contaminatedremediation of hydrocarbon contaminated 

marine shorelinesmarine shorelines
zz surface water, groundwater, and bilge watersurface water, groundwater, and bilge water
zz exex--situsitu treatment of hydrocarbon contaminated soiltreatment of hydrocarbon contaminated soil 

((e.g.e.g., using a land treatment unit) and water (, using a land treatment unit) and water (e.g.e.g., in a, in a 
bioreactor)bioreactor)



Summary of Vendor ReportsSummary of Vendor Reports
¾¾ Major limitation of vendor case studiesMajor limitation of vendor case studies

zz due to the confounding of different effects, it isdue to the confounding of different effects, it is 
impossible to determine whether the claimedimpossible to determine whether the claimed 
enhanced oil biodegradation, if true, resulted mainlyenhanced oil biodegradation, if true, resulted mainly 
from the addition of microbial cultures, nutrients,from the addition of microbial cultures, nutrients, 
enzymes, oxygen, or any combination of aboveenzymes, oxygen, or any combination of above 

¾¾ The technical merit of these company reportsThe technical merit of these company reports 
was generally not sound in terms of providingwas generally not sound in terms of providing 

bio products.bio products. 

strong or even suggesting moderate scientificstrong or even suggesting moderate scientific 
evidence for demonstrating the effectiveness ofevidence for demonstrating the effectiveness of 



Summary of Vendor ReportsSummary of Vendor Reports

¾¾ According to the peerAccording to the peer--reviewed literature,reviewed literature, 
bioaugmentation appears to have littlebioaugmentation appears to have little 
benefit for the treatment of spilled oil in anbenefit for the treatment of spilled oil in an 
open environmentopen environment 
zz Microbial addition has not shown to workMicrobial addition has not shown to work 

better than nutrient addition alone in manybetter than nutrient addition alone in many 
field trialsfield trials

¾¾ Biostimulation has been proven to be aBiostimulation has been proven to be a 
promising tool to treat certain aerobic oilpromising tool to treat certain aerobic oil--
contaminated marine shorelinescontaminated marine shorelines



CONCLUSIONSCONCLUSIONS

¾¾ Different nutrient products have shownDifferent nutrient products have shown 
variable effectiveness:variable effectiveness:
zz depending on oil propertiesdepending on oil properties

zz the nature of the nutrient productsthe nature of the nutrient products

zz the characteristics of the contaminatedthe characteristics of the contaminated 
environmentsenvironments



CONCLUSIONSCONCLUSIONS

¾¾ Bioremedial approaches may have a roleBioremedial approaches may have a role 
in treating hydrocarbon contamination forin treating hydrocarbon contamination for 
nonnon--point sourcespoint sources 

¾¾ Limited information appears to suggestLimited information appears to suggest 
that application of bio agents could showthat application of bio agents could show 
promise for the treatment of hydrocarbonpromise for the treatment of hydrocarbon 
contamination in storm watercontamination in storm water 



CONCLUSIONSCONCLUSIONS

¾¾ The extreme uncertainty associated withThe extreme uncertainty associated with 
the efficacy of bio agents is due to thethe efficacy of bio agents is due to the 
poorly designed field tests that have beenpoorly designed field tests that have been 
conducted to demonstrate efficacyconducted to demonstrate efficacy 

¾¾Much of the reported literature lackedMuch of the reported literature lacked 
proper controls and treatmentproper controls and treatment 
randomization and replication, or the datarandomization and replication, or the data 
were incorrectly analyzedwere incorrectly analyzed



¾¾If there is any hope forIf there is any hope for
advancement of commercialadvancement of commercial 
bioremediation,bioremediation, fieldfield experimentsexperiments
based on sound scientificbased on sound scientific 
principles are needed.principles are needed.

¾¾ THANK YOUTHANK YOU
¾¾ Questions?Questions?


